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Abstract 
 
Raman and infrared spectra of the uranyl oxyhydroxide hydrate: curite is reported. 
Observed bands are attributed to the (UO2)2+ stretching and bending vibrations, U-OH 
bending vibrations, H2O and (OH)- stretching, bending and librational modes. U-O 
bond lengths in uranyls and O-H…O bond lengths are calculated from the 
wavenumbers assigned to the stretching vibrations. These bond lengths are close to 
the values inferred and/or predicted from the X-ray single crystal structure. The 
complex hydrogen-bonding network arrangement was proved in the structures of the 
curite minerals. This hydrogen bonding contributes to the stability of these uranyl 
minerals.  
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Introduction 
 
The lead uranyl oxide hydrate minerals, PbUOHs, are a group of natural 
uranyl oxide hydrates that are formed and therefore are also present in oxidized zones 
of geologically old uranium deposits, owing to the buildup of radiogenic divalent Pb2+ 
[1-3]. Crystal structures of eight PbUOH mineral species are known, however, some 
new natural PbUOHs are yet insufficiently described. The name masuyite probably 
may be related to more than one natural phase. Some new PbUOHs were also 
synthesized [4]. According to Burns [5-7], the protasite anion topology is represented 
by richetite (molar ratio Pb:U 1:4.15), MxPb8.57[(UO2)18 O18(OH)12]2(H2O)41 (refined 
by Li [3] as MxPb9.33[(UO2)18O17(OH)13]2(H2O)40,  (Pb:U 3.86, Mx = Ni, Co and Mg), 
and the yet known structure of masuyite (Pb:U 1:3.00), Pb[(UO2)3(O3(OH)2](H2O)3, 
and  fourmarierite anion topology by fourmarierite (Pb:U 1:4), 
Pb[(UO2)4O3(OH)4](H2O)4, and vandendriesscheite (Pb:U 1:6.36), 
Pb1.57[(UO2)10O6(OH)11](H2O)11. All these structures are characterized by sheets 
based upon topologies containing triangles and pentagons [5].  Structures containing 
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sheets based upon anion topologies with triangles, squares and pentagons are related 
to spriggite (Pb:U 1:2; β-U3O8 anion topology), Pb3[(UO2)6O8(OH)2](H2O)3 , sayrite 
(Pb:U 1:2.50; sayrite anion topology), Pb2[(UO2)5O6(OH)2](H2O)4 sayrite anion 
topology), curite (Pb:U 1:2.67; curite anion topology), Pb3[(UO2)8O8(OH)6](H2O)3], 
and wölsendorfite (Pb:U 1:2.15; wölsendorfite anion topology) 
Pb6.16Ba0.36[(UO2)14O19(OH)4](H2O)12 [5, 8] 
 
Curite was originally described at Shinkolobwe, Shaba Province (now 
Republic Democratic of Congo) by Schoep [9] as a product of uraninite alteration-
weathering which involved oxidizing processes and hydration. Crystal structure of 
curite was first studied by Protas [10], by Courtois [11] in his unpublished thesis, by  
Sobry [12], Piret-Meunier and Piret  [13] and Čejka et al. [14], Taylor et al. [15], Li 
[3], Li and Burns [16, 17], Burns and Hill [18] and Mereiter [19].  Mereiter [19] 
studied the crystal structure of natural and synthetic curite. Dissolution experiments 
on crystals of synthetic curite were recently described by Schindler et al. [20].  
Infrared spectrum of curite was described without any details by Gevork’yan et al. 
(together with curite thermal decomposition) [21, 22].  Thermal analysis and infrared 
spectra of curite were published by Čejka et al. [23] and reviewed in detail by Čejka 
[24]. Kubatko et al. [25, 26] recently described the thermodynamics of curite 
formation.  
 
The sheet structure of curite crystals has orthorhombic symmetry, space group 
Pnam, and unit-cell parameters a 12.53-12.58, b 13.01-13.03, c 8.39-8.40 Å, Z=2 [3, 
16, 17].  Compositional variability has been observed in curite [14, 16, 17]. The 
structure of curite contains three symmetrically unique uranium atoms in form of the 
(UO2)2+ units, forming UO2Φ4 and UO2Φ5 polyhedra (Φ = O2- or OH-). One uranium 
cation U6+(1) is coordinated by three atoms of O2- and one OH- units at the equatorial 
position of a tetragonal bipyramid, while the other two uranium cations U6+(2) and 
U6+(3) are both coordinated by three O2- and two OH- units thus forming uranyl 
pentagonal bipyramids.  There are two structurally distinct Pb2+ in the curite structure, 
both coordinated by six uranyl oxygens, one equatorial O2- of uranyl polyhedra and 
two water molecules. One symmetrically distinct H2O site is present [3, 16, 17]  
 
According to Li and Li and Burns, the geometries of the Pb polyhedra are 
distorted owing to the electron lone pair stereo activity of Pb2+ [16, 17]. Because of Pb 
content variability in the interlayer (some Pb sites are not fully occupied), the charge-
balancing mechanism O2- ⇔ OH- was assumed in the uranyl anion sheets in the 
crystal structure of curite.  Li and Burns studied 14 crystals of natural curite and one 
crystal of synthetic curite and concluded that the structural formula of curite may be 
written as Pb3+x(H2O)[(UO2)4O4+x(OH)3-x]2. From the bond-valence parameters point 
of view, some O2- ions may be under bonded. The structure of curite contains water 
molecules and hydroxyl ions. An appropriate arrangement of hydrogen-bonding 
network present in the curite structure is therefore expected.  
 
Raman spectroscopy has proven very useful for the study of minerals [27-34]. 
Indeed Raman spectroscopy has proven most suitable for the study of diagentically 
related minerals as often occurs with uranyl minerals [29-31, 33, 35].  Some previous 
studies have been undertaken by the authors using Raman spectroscopy to study 
complex secondary minerals formed by crystallisation from concentrated sulphate 
solutions [36].  The significance of this work rests with the use of Raman 
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spectroscopy to analyse complex mixtures of diagenetically related minerals. Often 
when studying secondary minerals of uranium, complex mixtures occur. Raman 
spectroscopy can focus on individual crystals and analyse these individual crystals. 
This paper forms a part of our Raman and infrared spectroscopy research of 
secondary minerals including uranyl minerals. 
 
Experiments 
 
Minerals  
 
The curite samples used in this work were obtained from the Mineralogical Research 
Company and originated from Shinkolobwe Mine and the Ranger Uranium Mine, 
Northern Territory, Australia. The minerals were analysed by X-ray diffraction for 
phase purity and for chemical composition by Energy Dispersive X-ray analysis 
(EDX). 
 
Raman spectroscopy 
                                          
Crystals of curite were placed on the stage of an Olympus BHSM microscope, 
equipped with 10x and 50x objectives and part of a Renishaw 1000 Raman 
microscope system, which also includes a monochromator, a filter system and a 
Charge Coupled Device (CCD). Raman spectra were excited by a HeNe laser (633 
nm) at a resolution of 2 cm-1 in the range between 100 and 4000 cm-1.  Repeated 
acquisition using the highest magnification was accumulated to improve the signal to 
noise ratio. Spectra were calibrated using the 520.5 cm-1 line of a silicon wafer. In 
order to ensure that the correct spectra are obtained, the incident excitation radiation 
was scrambled.  Previous studies by the authors provide more details of the 
experimental technique [37-41].  
 
      Spectral manipulation such as baseline adjustment, smoothing and 
normalisation were performed using the Spectracalc software package GRAMS 
(Galactic Industries Corporation, NH, USA). Band component analysis was 
undertaken using the Jandel ‘Peakfit’ software package which enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly. Band fitting was done using a Lorentz-Gauss cross-product function with 
the minimum number of component bands used for the fitting process. The Gauss-
Lorentz ratio was maintained at values greater than 0.7 and fitting was undertaken 
until reproducible results were obtained with squared correlations of r2 greater than 
0.995.  
 
 
Infrared Spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s. Spectral manipulation such as baseline 
adjustment, smoothing and normalisation was performed using the GRAMS® 
software package (Galactic Industries Corporation, Salem, NH, USA).  
 
 4
 
 
 
Results and discussion 
 
As mentioned above, the space group of curite is D2h16 – Pnam: C1(8), 2Ci(4), 
Cs(4), Z=Zp=2. In the unit cell, there are three different types of uranium: U(1) in 
Cs(4) position forms one kind of tetrahedral bipyramidal polyhedra [(UO2)O3(OH)], 
while U(2) and U(3) in Cs(4) and C1(8) positions thus form two kinds of pentagonal 
bipyramidal polyhedra [(UO2)O3(OH)2] [14-16, 19, 42]. Factor group analysis of the 
nonsymmorphic space group, in which curite crystallizes, is isomorphous with point 
group D2h. The symmetry lowering is accompanied with infrared activation of the ν1 
(UO2)2+ symmetric stretching vibration and splitting of the ν2 (δ) (UO2)2+ bending 
vibration [14, 23, 24].  Thus all (UO2) vibrations are both Raman and infrared active. 
 
 
Raman spectrum  of curite 
 
The Raman spectra of curite from The Ranger Uranium Mine and 
Shinkolobwe Mine in the 700 to 900 cm-1 region are shown in Figure 1.  Figure 2 
displays the infrared spectra of curite in the 500 to 1200 cm-1.  Results of the Raman 
spectral analysis are reported in Table 1. Bands at 885 cm-1 (1.795Å) and 886.2 
(1.795Å) cm-1, respectively, are attributed to the ν3 (UO2)2+ antisymmetric stretching 
vibrations (Figure 1). Bands at 803 (1.808Å) and 791.1 (1.82Å) cm-1 and 807.2 
(1.803Å) and 791 (1.82Å) cm-1, respectively, are assigned to the ν1 (UO2)2+ 
symmetric stretching vibrations. As in the case of corresponding infrared bands, U-O 
bond lengths in uranyls were calculated with two empirical relations by Bartlett and 
Cooney [43]. Obtained values are in agreement with the data from single crystal 
structure analyses of curite  [15, 17, 19]. 
 
Bands in the range 772 – 649 cm-1 may be connected with the molecular water 
librations modes and/or out-of-plane γ U-OH bending vibrations (Figure 3). Bands in 
the range 454-575 cm-1 are related to the ν (U3O) bridge elongation, 340-394 cm-1 to 
the ν U3(OH)3 elongation, 249-301 cm-1 to the γ (U3O) out-of-plane bending and/or ν2 
(δ) (UO2)2+ bending vibrations, 161-210 cm-1 to the (UO2) translations, and 143-154 
cm-1 to the (UO2)2+ rotations [14, 23, 44-46]. 
 
 
Infrared spectrum  of curite 
 
 U-O bond lengths for uranyls (Å) calculated with the empirical relation by 
Bartlett and Cooney [43] are given in parentheses. Bands at 912.3 (1.776Å) and 876.1 
(1.802Å) cm-1 (Shinkolobwe sample), and 911.0 (1.777Å) and 872.9 (1.805Å) cm-1 
(Ranger sample) are attributed to the ν3 (UO2)2+ antisymmetric stretching vibrations. 
Bands at 959.8 (1.743Å) and 937.7 (1.758Å) cm-1 and 958.9 (1.744Å) and 937.2 
(1.758Å) cm-1 may be also attributed to the ν3 (UO2)2+ vibrations, however, calculated 
U-O bond lengths are much lower than those inferred from the X-ray single crystal 
structure analysis of natural and synthetic curite (average values 1.84Å [see for 
example Mereiter [19]]; 1.79 Å [Taylor et al.[15]]; 1.844 Å  [Li and Burns [17]]. 
These bands are connected with the δ U-OH bending vibrations. The ν1 (UO2)2+ 
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symmetric stretching vibration may be infrared active. According to empirical 
relations ν1 (UO2)2+ = 0.94ν3 (UO2)2+ Å and ν1 = 0.89ν3 (UO2)2+ + 21 Å  [for details 
see Čejka 1999 and references therein], this vibration should be located in the region 
860-820 cm-1 and 833-798 cm-1, respectively.  Bands at 847.8 (1.764Å) and 795 
(1.816Å) cm-1 and 845.2 (1.766Å) cm-1, respectively, are therefore attributed to the ν1 
(UO2)2+ vibrations. Bands in the range 1576-1003 cm-1 are assigned to the δ U-OH 
bending vibrations, while those in the range 783-688 cm-1 with the γ U-OH vibrations 
and/or libration modes of water molecules. According to Dothée [44, 45], bands in the 
range 600-530 are assigned to the  ν U3O bridge elongation.  
 
Figure 4 displays the Raman spectra in the 2400 to 3800 cm-1 region of curite. 
Figures 5 and 6 dsiplay the Infrared spectra of curite in the 2400 to 4000 cm-1 and 
1200 to 2000 cm-1 regions from The Ranger Uranium Mine and Shinkolobwe Mine.  
Bands in the range 3531-3074 cm-1 (Shinkolobwe sample) are connected to the ν OH 
stretching vibrations of water molecules and hydroxyls. It may be inferred that the 
wavenumbers correspond to weak to strong hydrogen bonds in the crystal structure of 
curite from Shinkolobwe [47]. A somewhat different arrangement of water molecules 
was observed in the infrared spectrum of the curite sample from Ranger Mine 
(3696.9-3297.7 cm-1). It may be inferred that in the crystal structure of this sample 
practically free hydroxyls  and weakly hydrogen bonded hydroxyls and water 
molecules are present [47]. This is in agreement with two bands observed close to 
1595 cm-1 (Shinkolobwe sample) and bands at 1638.3 and 1593 cm-1 (Ranger sample) 
attributed to the δ H2O bending vibrations. Bands at 2102.1 cm-1 and 1798.0 cm-1, 
respectively, may be assigned to overtones and/or combination bands.  Bands in the 
range 3297-3532 cm-1 are assigned to the ν OH stretching vibrations of water 
molecules and hydroxyl ions (Figures 4 and 5). The wavenumbers prove the presence 
of relatively strong to weak hydrogen bonds in the crystal structure of curite. This 
does not fully agree with the observed infrared bands. Only a band at 1597.2 cm-1 
(Shinkolobwe sample) was observed (Figure 6). It may be assigned to the δ H2O 
bending vibration. This band corresponds to water molecules relatively weakly 
bonded in the structure of curite.  Bands in the range 1519-1552 cm-1 are connected 
with the δ U-OH bending vibration.          
 
Conclusions 
 
(a) Raman and infrared spectra of two curite samples were studied. 
(b) Bands connected with the (UO2)2+ and (OH)- stretching and bending vibrations 
were attributed respecting their number as a result of FGA-correlation. 
(c) Coincidence of some of the bands of the (UO2)2+ streching vibrations with the 
bands assigned to U-OH bending vibrations was examined. 
(d) U-O bond lengths in uranyls were calculated and compared with the X-ray single 
crystal structure data. Both data are in good agreement. 
(e) The presence of free or weakly hydrogen bonded symmetrically distinct hydroxyls 
located in the sheets were inferred from the infrared spectrum of curite sample 
from Ranger Mine. This is in agreement with the crystal structure of curite. 
(f) Water molecules of the interlayer together with hydroxyls from the uranyl anion 
sheet participate in a set of hydrogen bonds forming thus a complex hydrogen-
bonding network which influences the origin, formation and stability of the 
mineral. This is supported by the fact that infrared and Raman spectra of the both 
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curite samples somewhat differ in the regions of OH stretching and H2O bending 
vibrations.       
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IR Raman 
Shinkolobwe Mine Ranger No. 1 Pit Shinkolobwe Mine Ranger No. 1 Pit 
Center FWHM Center FWHM Center FWHM Center FWHM 
cm-1 cm-1 cm-1 cm-1 cm-1 cm-1 cm-1 cm-1 
   3696.9 23.1 3532.0 48.9     
   3663.5 46.4 3479.7 49.7     
   3622.2 40.7 3429.1 86.6 3436.8 112.5 
3530.7 35.4 3528.3 27.7 3311.8 210.2     
3492.8 63.3       3297.1 164.0 
3417.8 134.4 3408.9 93.0 1597.2 49.0     
3291.6 301.9 3297.6 530.6 1551.8 7.8     
3074.9 507.4    1519.5 94.8 1530.2 112.1 
2102.1 62.1    885.5 18.6 886.2 20.7 
   1798.0 241.7 803.0 35.1 807.2 26.2 
   1638.3 90.8 791.1 24.7 791.0 22.1 
1597.3 101.0    770.3 34.2 772.0 35.6 
1592.8 20.0 1593.0 18.9 740.8 27.8 742.1 34.7 
   1575.1 75.7 649.1 58.4 649.8 73.9 
1521.0 141.5    575.0 13.7     
   1475.7 236.1 558.3 47.0 560.9 46.7 
1370.3 259.9    527.1 20.3     
1094.5 49.5 1104.0 35.8 503.4 42.4 503.3 50.2 
1030.8 93.2 1033.5 24.1 475.9 31.2 474.6 19.7 
   1021.2 140.7 454.7 33.7 454.8 34.3 
   1003.7 39.4 393.7 29.4 393.2 27.8 
959.8 11.3 958.9 7.4 366.8 30.7 366.9 22.9 
937.7 39.9 937.2 27.4 341.3 44.3 340.4 44.7 
912.3 28.8 911.0 28.6 300.1 10.7 300.8 22.3 
876.1 28.7 872.9 26.7 272.3 21.2 272.5 23.2 
847.8 74.9 845.2 55.2 249.8 18.7 249.6 19.2 
795.0 25.7       224.6 17.5 
778.3 23.0 782.5 39.8 212.7 35.1 211.6 18.5 
760.3 163.4 766.2 230.9 210.6 8.4     
737.9 61.7 737.6 34.7 182.8 14.6 184.4 15.9 
   688.5 60.2 161.1 13.7 162.9 9.5 
599.6 32.8    150.6 10.2 153.5 18.6 
583.4 218.9 571.5 127.8 143.1 12.2 143.9 10.9 
536.2 47.2 530.9 45.8         
 
Table 1  Results of the Raman and Infrared spectral analysis of curite 
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